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(57) The present invention includes a method for 
forming a resilient bladder stnjcture for use in the sole 
of footwear. The method comprises the steps of fonning 

a shell from a flexible material (28) to have a floor and 
a pehmeter sidewall extending from the floor; placing a 
core (24), having spaced apart outer surfaces connect- 
ed together by a plurality of connecting members, into 
the shell within the area bounded by the sidewalls; en- 
closing the shell and core with a covering sheet (26); 
bonding the floor of the shell to one outer surface of the 
core and the covering sheet to the other outer surface 
of the core by applying pressure and heat to the shell- 
core-covering sheet assembly to compress the core 
duringthe bonding step; preventing bonding of the side- 
wall to the covering sheet during the compression of the 



core; and bonding the covering sheet to an outer edge 
of the perimeter sidewall of the shell to form a sealed 
bladder structure; and placing fluid into the Interior of 
the bladder so that the plurality of connecting members 
are placed under tension. The present invention is also 
directed to a bladder for use as a cushioning element 
and footwear incorporating the bladder. The enclosed 
core is formed of spaced apart first and second fabric 
layers (34, 36) connected together by a plurality of con- 
necting yarns (38). The shell is formed of see-through 
plastic material whereby the connecting yarns are visi- 
ble through the sidewall (32). The plurality of connecting 
yams preferably are arranged in bands (44) with gaps 
(46) devoid of connecting yarns between adjacent 
bands, and the ends of the bands and the gaps are vis- 
ible through the sidewall. 
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Description 
TECHNICAL FiELD 

[0001] The present invention is directed to a resilient 
bladder for use In footwear, in particular for use as a 
portion of the sole of the footwear. The bladder is formed 
of an outer enclosing nnember and an inner nnember, 
with the outer enclosing mennber preferably formed of 
sheets of plastic material, one of which is formed into a 
shell configuration, and with the inner member formed 
of spaced apart first and second layers connected to- 
gether by a plurality of connecting members. The inven- 
tion is also directed to a method for forming the bladder. 

BACKGROUND OF THE INVENTION 

[0002] Footwear is divided into two general parts, an 
upper and a sole. The upper is designed to snugly and 
comfortably enclose the foot. The other major portion of 
a shoe is the sole. The sole must provide traction, pro- 
tection, and a durable wear surface. The considerable 
forces generated in athletics require thatthe sole of foot- 
wear provide enhanced protection and shock absorp- 
tion for the foot and leg. It is also desirable to have en- 
hanced protection and shock absorption for he foot and 
leg in all types of footwear. Accordingly, the sole of ath- 
letic footwear typically includes several layers, including 
a resilient, shock absorbent material as a midsole and 
a ground contacting outer sole or outsole, which pro- 
vides both durability and traction. 
[0003] Such midsoles have been made of convention- 
al foam materials, for example, ethylene vinyl acetate 
(EVA) or polyurethane which compress resiliently under 
an applied load and dampen to provide cushioning. The 
outsoles have been made of conventional wear-resist- 
ant materials such as a carbon-black rubber compound. 
Conventional foam materials are resiliently compressi- 
ble, in part, due to the inclusion in the foam of open or 
closed cells defining an inner volume that is substantial- 
ly displaced by gas. That is, the foam can include bub- 
bles formed in the material which include air therein. 
However, after repeated compression, foam materials 
deteriorate, in particular, by compaction. The cell struc- 
ture collapses, resulting in decreased compressibility of 
the foam. Thus, the overall cushioning of the midsole 
deteriorates. 

[0004] One way to overcome the drawbacks of using 

conventional foam materials is disclosed in U.S. Patent 
No. 4,183,156 (patented January 15, 1980 to Marion F. 
Rudy), in which cushioning is provided by inflatable in- 
serts made of elastomeric materials. The inserts include 
a plurality of tubular chambers which extend substan- 
tially longitudinally throughout the length of the foot- 
wear. The chambers are in fluid communication with 
each other at the forefoot and jointly extend across the 
width of the footwear. In U.S. Patent No. 4,219,945 (pat- 
ented September2, 1980 to Marion F. Rudy), an inflated 



insert is encapsulated in a foam material. The combina- 
tion of the insert and the encapsulating material func- 
tions as the midsole, An upper is cemented to the upper 
surface of the encapsulating material and an outsole or 

5 tread member may be fixed to the lower surface. 

[0005] U.S. Patent No. 4,817,304 (patented April 4, 
1 989 to Mark G. Parker, et al.), discloses a foam encap- 
sulated gas-filled insert in which gaps are left along the 
sides of the encapsulating member. When the midsole 

10 is compressed, the insert expands into the gaps. Thus, 
the gaps provide decreased stiffness in compression of 
the midsole, while reducing the overall weight of the 
footwear. Further, by appropriately locating the gaps, 
the overall impact response characteristics can be 

15 tuned along areas of the footwear. 

[0006] Such bladders generally are made of an elas- 
tomeric material and are formed so as to have an upper 
or lower surface enclosing one or more chambers ther- 
ebetween. The chambers are pressurized above ambi- 

20 ent pressure by insertion of a nozzle or needle connect- 
ed to a fluid pressure source into a fill inlet formed in the 
bladder. After the chambers are pressurized, the fill inlet 
is sealed, for example, by welding, and the nozzle is re- 
moved. 

25 [0007] Bladders of this type have been manufactured 
by the prior art two-film technique in which two separate 
sheets of elastomeric film are formed having the overall 
peripheral shape of the bladder. The sheets are welded 
together along the penphery to fomn a bladder having 
30 upper, lower and side surfaces, and at predetermined 
interior areas to give the bladder a preferred configura- 
tion, that is, to have chambers of a predetermined shape 
and size at desired locations. 

[0008] Bladders have also been manufactured by the 
35 prior art blow-molding technique. A liquefied elastomer- 
ic material is placed in a mold having the desired overall 
shape and configuration of the bladder. The mold has 
an opening at one location through which pressurized 
air is provided. The pressurized air forces the liquefied 
40 elastomeric material against the inner surfaces of the 
mold and causes the material to harden in the mold to 
form a bladder having the preferred shape and config- 
uration. 

[0009] Another type of prior art bladder used in soles 
45 of footwear is disclosed in U.S. Patent Nos. 4,906,502 
(patented March 6, 1 990), and 5,083,361 (patented Jan- 
uary 28, 1 992), both issued to Marion F. Rudy. The blad- 
ders disclosed in the '502 and '361 patents are formed 
as a gas pressurized and inflated structure which com- 
50 prises an hermetically sealed outer covering barrier lay- 
er which is securely bonded substantially over the entire 
outer surfaces of a double walled interior fabric struc- 
ture. The double walled fabric structure comprises first 
and second outer fabric layers which are normally 
55 spaced apart from one another at a predetermined dis- 
tance. Connecting or drop yarns, preferably in the form 
of multi-filament yarns comprised of many individual fib- 
ers, extend internally between the proximal or facing 
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surfaces of the respective fabric layers. Tine filaments 
of the drop yarns form tensile restraining means and are 
anchored to the respective fabric layers. The preferred 
method of manufacturing the double walled fabric struc- 
ture is double needle bar Raschel knitting. 
[0010] A pneumatic mattress structure, including indi- 
vidual ties formed by thread wound around bands, is dis- 
closed in German Offen leg ungssch rift 2 027 227 and 
corresponding U.S. Patent No. 3,683,431 to Pennel et 
al. The bands are attached to the interior wall of the mat- 
tress. However, the bands do not form a continuous fab- 
ric layer attached to the walls of the mattress. 
[0011] A damping device for shock loading is dis- 
closed in PCT Publication No. WO89/11047 and corre- 
sponding U.S. Patent No. 5,054,753 to Polus. In one 
embodiment, the device is formed of a one-piece plastic 
body that is loosely placed in a flexible diaphragm. The 
diaphragm is formed of a bowl or shell-shaped portion, 
and a disk-shaped portion welded to each other along 
a circumferential edge. The damping device does not 
use a core that is secured to the interior walls of the de- 
vice. 

[001 2] A method for welding f langeless thermoplastic 
sheets is disclosed in U.S. Patent No. 4,451,721 to 
Nemeskeri. An electrode with an angled "cutting" edge 
is used to form a perimeter seam. The pressure applied 
by the cutting edge can either completely cut through 
material, or leave some material so that the shell can 
later be broken away. The shell is formed with only a 
perimeter connection. That is, no internal connections 
are formed between the top and bottom of the shell. 

SUMMARY OF THE INVENTION 

[0013] The present invention is directed to a method 
for forming a resilient bladder structure. The method 
comprises the steps of forming a shell from a flexible 
material to have a floor and a perimeter sidewall extend- 
ing from the floor to define an opening to the shell; plac- 
ing a core, having spaced apart outer surfaces connect- 
ed together by a plurality of connecting members, into 
the shell within the area bounded by the sidewalls; en- 
closing the shell and core with a covering sheet sized to 
extend to at least the perimeter sidewall of the shell and 
cover the perimeter sidewall and the core placed In the 
shell; bonding the floor of the shell to one outer surface 
of the core and the covering sheet to the other outer 
surface of the core by applying pressure and heat to the 
shell-core-covering sheet assembly to compress the 
core during the bonding step; preventing bonding of the 
sidewall to the covering sheet during the compression 
of the core; and bonding the covering sheet to an outer 
edge of the perimeter sidewall of the shell to form a 
sealed bladder structure; and placing fluid into the inte- 
rior of the bladder so that the plurality of connecting 
members are placed under tension. 
[0014] A preferred embodiment of the method com- 
prises the steps of thermoforming a shell from a sheet 



of plastic material by drawi ng the sheet to a mold to form 
a shape having a floor, a perimeter sidewall with a draft 
angle portion to locate an outer perimeter edge of the 
sidewall outward of the floor of the shell, and a rim hav- 
5 ing a flat region extending from the outer perimeter edge 
of the sidewall; placing a core, having spaced apart out- 
er fabric layers connected together by plurality of con- 
necting yarns, into the shell within the area bounded by 
the sidewalls; enclosing the shell and core with a cov- 
ering sheet of a plastic material, the covering sheet be- 
ing sized to extend to at least the flat region and cover 
the perimeter sidewall and the core placed in the shell; 
bonding the floor of the shell to one fabric layer of the 
core and the covering sheet to the other fabric layer by: 
i) applying RF energy with a lamination die to the shell- 
core-covering sheet assembly; ii) compressing the core 
with the lamination die to apply pressure between the 
shell-core interface and the covering sheet-core inter- 
face; and iii) rolling the sidewall of the shell in on itself 
during the compression of the core with the lamination 
die to prevent lamination of the sidewall to the covering 
sheet during the bonding step; welding the covering 
sheet to the outer edge of the sidewall by applying RF 
energy with a seal die; and placing fluid into the interior 
of the bladder so that the plurality of connecting yarns 
are placed under tension. 

[0015] In another preferred aspect of the method, the 
bonding step includes heating and applying pressure to 
the perimeter edge of the shell-core covering sheet as- 
sembly outward of the perimeter of the core to ensure 
application of sufficient energy along the perimeter of 
the core to form essentially complete bonds between the 
shell and the core and the covering sheet and the core 
along the perimeter of the core by extending the perim- 
eter edge of the lamination die outward of the perimeter 
of the core; and the step of rolling the sidewall of the 
shell includes applying pressurewith the perimeter edge 
of the lamination die sufficiently inward of the outer pe- 
rimeter edge of the sidewall to prevent the lamination 
die from buckling the sidewall during the compression 
of the core. 

[0016] The thermoforming step preferably includes 
forming the draft angle sufficiently shallow to prevent the 

sidewall from flattening during compression of the core 
to thereby assure rolling in of the sidewall. 
[001 7] The preferred method also includes the step of 
cooling the shell after it is thermoformed in a manner 
sufficient to shrink the shell and bend the perimeter side- 
wall inwardly during shrinkage; and the thermoforming 
step includes forming the draft angle sufficiently large to 
position the outer perimeter edge of the shell at an 
aligned location with the seal die after the sidewall of 
the shell bends inwardly due to shrinkage of the shell 
after thermoforming. 

[0018] Another aspect of the invention is directed to 
a method of forming a bladder from first and second 
sheets of plastic material wherein a tear seal is formed 
around the bladder. The method includes the steps of 
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forming a perimeter seal between the first and second 
sheets of plastic material to define a sealed chamber 
and forming the tear line as a line of thinned out material 
pressed into the material by the angled edge of the weld- 
ing die, by applying pressure, at periodically increasing 
pressure levels, with a welding die having an angled 
edge along the area of the perimeter seal being formed 
and applying RF energy, at a periodically increasing en- 
ergy levels, to melt and connect the first and second 
sheets of plastic material adjacent to, and on either side 
of, the angled edge of the welding die; and forming at 
least one connection between the first and second 
sheets of plastic material within the area of the sealed 
chamber. 

[0019] The present invention is also directed to a blad- 
der for use as a cushioning element. The bladder in- 
cludes an outer enclosing member and an inner mem- 
ber. The outer enclosing member is formed of first and 
second sheets of plastic material. The first sheet of plas- 
tic material is formed into a shell shape with a floor and 
a perimeter sidewall extending away from the floor to an 
outer perimeter edge. The second sheet of plastic ma- 
terial is formed substantially flat and is connected to the 
outerperimeteredge of the perimeter sidewall ofthefirst 
sheet of plastic material to define a sealed chamber. The 
inner member is formed of spaced apart first and second 
fabric layers connected together by a plurality of con- 
necting yarns or drop threads. The first sheet is formed 
of see-through plastic material whereby the connecting 
yarns are visible through the sidewall. 
[0020] In a preferred embodiment, the plurality of con- 
necting yarns preferably are arranged in bands with 
gaps devoid of connecting yarns between adjacent 
bands, and the ends of the bands and the gaps are vis- 
ible through the sidewall. The fabric material preferably 
is a double needle bar Raschel knit fabric with the gaps 
formed by omitting predetermined needles in the knitting 
process. The sealed chamber preferably contains a 
press u rized f I u i d wh ich p I aces thepluralityofconn ecti ng 
yarns under tension. 

[0021] Another aspect of the invention is directed to 
a bladder for use as a cushioning element wherein a 
sealed chamber is fonned of a plastic material, the 
chamber having spaced apart first and second major 
surfaces. A double walled fabric material is received in- 
side of the sealed chamber. The fabric material has 
spaced apart first and second fabric layers and a plural- 
ity of connecting yarns connected between the fabric 
layers. The connecting yarns are formed in bands with 
gaps defining void areas devoid of connecting yarns to 
enhance the compressibility of the fabric material. The 
first and second fabric layers respectively are attached 
to the first and second major surfaces of the sealed 
chamber; and the sealed chamber contains pressurized 
fluid to place the plurality of connecting yarns under ten- 
sion. The fabric material preferably is a double needle 
bar Raschel knit fabric with the gaps formed by omitting 
predetermined needles in the knitting process. 



[0022] The present invention is also directed to foot- 
wear incorporating either of the above-described blad- 
ders into at least a portion of the sole of the footwear. 
[0023] Footwear with bladders of the type disclosed 
5 in the '502 and '361 patents have been sold by NIKE, 
Inc. I nth Is footwear, the peripheral edge seam is located 
in the middle of the side of the bladder, as illustrated in 
Fig. 2 herein. The fabric used in these bladders has con- 
necting yarns located uniformly throughout the extent of 
10 the fabric. The bladder of the present invention, wherein 
a shell and covering sheet form the outer member of the 
bladder, offers a number of advantages over these com- 
mercial bladders. For example, locating the seam away 
from the midpoint of the side of the bladder, locates the 
15 seam away from the area of maximum flexing of the 
sidewall of the bladder. Without an edge seam, at the 
sidewalk the inflated areas of the bladder can be located 
further out to the edges of the footwear. Also, without a 
seam at the sidewall of the bladder, the connecting 
20 yarns within the interior of the bladder can be made vis- 
ible by using a see-through material for the shell. The 
embodiment of bladder in accordance with the invention 
that incorporates gaps between groups of connecting 
yarns, has enhanced cushioning properties over the 
25 commercial bladders. By forming the gaps between 
groups of connecting yarns, space is provided for the 
connecting yarns to move into when the bladder is com- 
pressed. With this additional space, the overall amount 
that the bladder can compress increases, thus, increas- 
30 ing the working range of the bladder, or the maximum 
deflection of the bladder before bottoming out. This re- 
sults in greater capacity to absorb and return energy, 
and less initial stiffness. 

[0024] Unique and novel processing techniques were 
35 developed in accordance with the present invention in 
order to manufacture the bladder with the shell config- 
uration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0025] The above description and other objects, ad- 
vantages, and features of the present invention will be 
more fully understood and appreciated by reference to 
the specifications and accompanying drawings, where- 

45 in: 

Fig. 1 is atop plan view of a prior art resilient bladder 
insert for footwear; 

Fig, 2 is a cross-sectional view taken generally 
50 along line 2-2 of Fig. 1 ; 

Fig. 3 is a side view of an article of footwear in ac- 
cordance with the present invention; 
Fig. 4A is an exploded perspective view of the top 
of portions of a thermoforming apparatus used in 
55 the present invention; 

Fig, 4B is an exploded perspective view of the bot- 
tom of portions of the thermoforming apparatus of 
Fig. 4A; 



25 



30 



35 



40 



45 



50 



4 



7 



EP 1 468 816 A1 



8 



Fig. 5A is a top plan schematic view of the thermo- 
forming apparatus; 

Fig. 5B is a vertical cross-sectional view of tine ther- 
moforming apparatus, with portions removed; 
Fig. 6A is a partial cross-sectional view illustrating 
the forming of a shell from a sheet of plastic mate- 
rial, within the thermoforming apparatus; 
Figs. 6B and 6C are partial cross-sectional views 
illustrating the formation of locating indentations in 
the thennoforming apparatus; 
Fig. 6D is a cross-sectional view of an edge portion 
of a shell formed in accordance with the present in- 
vention, illustrating the effect of shrinkage afterther- 
moforming; 

Fig. 7 is a schematic exploded view illustrating a 
portion of the lamination apparatus used to perfonn 
the method of the present invention. 
Fig. 8 is a schematic top plan view of the overall 
lamination apparatus; 

Figs. 8A, SB, and 8C are diagrammatic cross-sec- 
tional views illustrating steps in the lamination proc- 
ess of the method in accordance with the present 
invention; 

Fig. 9 is a perspective view of a sealing die for use 
with the method of the present invention; 
Figs. 9A and 9B are diagrammatic cross-sectional 
views illustrating the edge seam welding process of 
the method in accordance with the present inven- 
tion; 

Fig. 9c is a diagrammatic cross-sectional view of a 
bladder in accordance with the present invention, 
prior to inflation with a pressurized fluid; and 
Fig. 9D is a diagrammatic cross-sectional view of 
the bladder of Fig. 9C after inflation with a pressu- 
rized fluid. 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] Referring to the drawings, wherein like numer- 
als indicate like elements, there is illustrated in Fig. 3 an 
article of footwear in accordance with the present inven- 
tion, such as a running shoe, generally indicated as a 
10. Shoe 10 includes a sole structure 12 and an upper 
1 4 attached to the sole structure in a conventional man- 
ner. Sole structure 12 incorporates novel features of the 
present invention while upper 1 4 can be of any conven- 
tional design which adapts it to the particular use of the 
article of footwear. For example, if the article of footwear 
is a sandal, upper 1 4 would be compnsed of the straps 
securing the sandal to the foot of a wearer. If the article 
of footwear were an in-line skate, the upper could be 
made of ngid plastic or a combination of a non-rigid ma- 
terial and a rigid support structure. Sole structure 12 in- 
cludes a cushioning or force absorbing midsole 16 and 
a flexible, wear-resistant outsole 18. Of course, where 
appropriate, the midsole and outsole portions can be 
formed as a single integral unit. 
[0027] A resilient bladder 20, in accordance with the 



present invention, is secured in the heel area of midsole 
1 6, directly above outsole 1 8. Bladder 20 is secured in 
position within the midsole in any conventional manner 
such as by adhesive attachment into a recess, or by en- 
5 capsulation within a foam material in a manner such as 
disclosed In the '945 Rudy patent referred to above. De- 
tails of the method for making bladder 20 are illustrated 
in Figs. 4 through 9, with the assembled bladder illus- 
trated in Figs. 9C and 9D. 

[0028] Bladder 20 is formed of an outer enclosing 

member 22 and an inner member 24. Outer enclosing 
member is formed of a first sheet of plastic material 26 
and a second sheet of plastic material 28. The first and 
second sheets of plastic material preferably are made 
of the same thermoplastic material, preferably a ure- 
thane material such as a blend of thermoplastic aromat- 
ic polyurethanes which forms sheet material that is ther- 
mofonnableRFweldableand resistant to environmental 
stress cracking in the use as a bladder. A blend of the 
following thermoplastic polyurethanes manufactured by 
DOW can be used: 20% 2355-95AEH; 25% 
2355-85ATP; and 55% 2355-87AE. Figs. 9C and 9D il- 
lustrate the first and second sheets integrally formed to- 
gether, by a process in accordance with the present in- 
vention, which will be described in detail hereinafter 
First sheet 26 is a generally flat covering sheet, and sec- 
ond sheet 28 is formed into the configuration of a shell 
29 having a floor 30 and asidewall32. At least sheet 28 
is preferably formed of a see-through plastic material, 
so that inner member 24 is visible through sidewall 32. 
The see-through plastic material thus could be transpar- 
ent, translucent, clear, or colored; as long as the inner 
member is visible through sidewall 32. Sheet 26 can al- 
so be fomned of a see-through plastic material. Fig. 3 is 
a side view of a shoe 1 0 wherein connecting members, 
such as connecting yarns 38, of inner member 24 are 
visible through the transparent sidewall 32. Other pre- 
ferred materials for the sheets 26 and 28 are poly- 
urethane materials such as polyester or polyether based 
polyurethane elastomers, or polyester elastomer Other 
preferred elastomer materials for sheets 26 and 28 are 
noted in the above Rudy patents, which have been in- 
corporated herein by reference. 
[0029] Inner member 24 is preferably formed from a 
double-walled fabric matenaL of the type disclosed In 
the Rudy '361 and '502 patents, with the changes noted 
hereinafter The double-walled fabric is preferably 
formed of a double needle bar Raschel knit matenal 
which has a first fabric layer 34 and a second fabric layer 
36 connected to one another by connecting yarns 38. 
Fabric layers 34 and 36 are preferably formed of air- 
bulked or othenwise textunzed yarn, such as false twist 
texturized yarn, particularly a combination of Nylon 6, 6 
and Nylon 6. Similarly, connecting yarns 38 are prefer- 
ably formed of air-bulked or texturized yarns, such as 
false twist texturized yarn, particularly Nylon 6, 6. 
[0030] First and second layers of a coupling material 
40, 42, are respectively attached to first and second fab- 
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ric layers 34, 36. As described in detail in the '361 Rudy 
patent, the use of texturized yarn in fabric layers 34, 36, 
and the use of coupling materials 40, 42, assist in form- 
ing a strong bond to the first and second sheets of plastic 
material 26, 28. The coupling material 40, 42 is prefer- 
ably the same type of thermoplastic material as the 
sheets of plastic material 26, 28 forming the outer en- 
closing member 22, and is applied to the fabric layers 
34, 36 in such as manner that the coupling material 40, 
42 penetrates a portion of each fabric layer, without pen- 
etrating through to the connecting yarns 38. For exam- 
ple, a thermoplastic polyurethane (TPU) manufactured 
by Deerfield under product number PS-8010 can be 
used. Coupling material 40, 42 is preferably applied in 
sheet fonn to fabric layers 34, 36 by moving the sheets 
of coupling material and the fabric layers between upper 
and lower heated platens of a hot press. This method 
and other preferred methods of applying the coupling 
material to the fabric layers are discussed in detail in the 
'361 Rudy patent. 

[0031] Fig. 2 illustrates a prior art bladder as disclosed 
in the '361 Rudy patent, with like primed numerals indi- 
cating similar elements to the bladder 20 of the present 
invention. As seen in Fig. 2, first and second sheets of 
plastic material 26' and 28' are joined together along a 
seam 31 , which is located midway between the outer 
major surfaces of the sheets 26' and 28'. As disclosed 
in the '361 patent, bladder 20' is made from two flat 
sheets of material 26' and 28' which are first laminated 
to spaced fabric layers 34' and 36', respectively. Cou- 
pling material 40', 42' assists in forming the bond be- 
tween fabric layers 34', 36' and plastic sheets 26' and 
28'. Seam 31 is thereafter formed by welding about the 
perimeter of the two flat sheets. Also, as seen in Fig. 2, 
connectingyarns 38' extend completely along the length 
of bladder 20'. Similarly, connecting yarns 38' extend 
completely across the width of bladder 20'. Bladder 20' 
is illustrated in an inflated condition, wherein a gas under 
pressure has been sealed within bladder 20' to place 
connectingyarns 38' under tension. 
[0032] Referring to Fig. 9D, the differences between 
bladder 20 and bladder 20' are readily apparent. Blad- 
der 20 forms the plastic sheet material 28 into shell con- 
figuration 29 so that the connection point between the 
first and second sheets of material is located adjacent 
to one of the fabric layers, rather than at the midpoint of 
the thickness of bladder 20. Thus, connecting yarns 38 
are readily visible through sidewall 32. Moving the con- 
nection seam from the midpoint of the bladder to an up- 
per or lower edge of the bladder forms a differently 
shaped accumulator volume 35, which allows the core 
size to be maximized within the bladder. With the core 
size maximized, thicker bladders are possible by ex- 
tending the core closer to the edge. The edge seam 
welding process is also simplified by moving the con- 
nection seam from the midpoint of the bladder, since a 
single tool can be used for bladders of varying thickness. 
Without an edge seam 30, bladder 20 can be located 



further out to the edges of the footwear, providing an 
increased area under the foot that is cushioned by the 
bladder. Also, moving the seam away from the midpoint 
of the bladder, moves the seam away from an area of 

5 maximum flexing of the wall of the bladder. 

[0033] The plurality of connecting yarns 38 are ar- 
ranged in bands 44 separated by gaps 46 which are ar- 
eas devoid of any connecting yarns. The use of gaps 46 
enhances the compressibility of the double-walled fabric 

10 over double-walled fabrics which utilize continuous con- 
necting yarns. Bands 44 also present a striking visual 
appearance when viewed through sidewall 32. Fig. 9C 
illustrates a cross-section of bladder 20 prior to inflation 
with a fluid under pressure. In such a state, connecting 

15 yarns 38 are not under tension and gaps 46 are not vis- 
ible; however, for purpose of illustration, small gaps 46 
are shown. Gaps 46 are formed during the double nee- 
dle bar Raschel knitting process by omitting knitting con- 
necting yarns on certain predetermined needles in the 

20 warp (wale) direction. Knitting with three needles in and 
three needles out produces a preferred fabric with 
bands 44 and gaps 46. Other knitting patterns of nee- 
dles in and needles out can be used, such as two in and 
two out, four in and two out, two in and four out, three 

25 in and three out, or any combination thereof. Also, gaps 
can be formed in both a longitudinal and transverse di- 
rection, to create a checkerboard pattern of connecting 
members 38 by, in addition to omitting needles in the 
warp direction, selectively knitting or not knitting on con- 

30 secutive courses. In Fig. 9D, bladder 20 is illustrated 
containing a fluid, preferably a gas underpressure. Pre- 
ferred gases for pressurizing bladder 20 are hexaflu- 
orethane (e.g., Freon, F-116) and sulphurhexafluoride. 
Other suitable gases, as well as the advantages of the 

35 use of the preferred gases and preferred plastic mate- 
rials for the outer enclosing member are discussed in 
the aforementioned Rudy patents, in particular the '156 
and '250 patents. 

[0034] Refen'ing to Figs. 4 through 9, a method for 
40 manufacturing bladders 20 in accordance with the 
present invention is illustrated. Figs. 4, 5, and 6 illustrate 
the therm of orming step of the process, as well as the 
apparatus used for thermof orming. Figs. 7 and 8 illus- 
trate the apparatus and process for laminating or bond- 
45 ing the fabric layers 34 and 36 to the first and second 
sheets 26 and 28, respectively. Fig. 9 illustrates the ap- 
paratus and welding process for forming a seal around 
the perimeter of bladder 20. 

[0035] Referring to Figs. 4 and 5, an apparatus for 
50 thermoforming the second sheet of plastic material 28 
into shell configuration 29 is illustrated. Fig. 5A sche- 
matically illustrates the overall thermoforming appara- 
tus 70, which includes a heater section 72, athennofor- 
ming section 74, and a shuttle frame 75. Thermoforming 
55 section 74 includes a lower mold assembly 76 and an 
upper pressure box 78. Shuttle frame 75 includes an in- 
ner frame which extends around the perimeter of mold 
assembly 76 to define an open area. A clamping bar 77 
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is associated with each side of the inner frame. Each 
clamp bar 77 is movable between an open position out 
of contact with the sides of the inner frame and a closed 
position in contact with the sides of the inner frame. The 
sheet 28 of plastic material is placed on top of the inner 
frame with the clamping bar 77 in an open position. The 
clamping bars are the moved to their closed position by 
a conventional pneumatic activating system. In this 
manner, sheet 28 is held with a major portion of its sur- 
face area suspended in the open area defined by shuttle 
frame 75. 

[0036] Shuttle frame 75 moves horizontally to carry 
sheet 28 into heater section 72. Heating section 72 can 
be any conventional heater capable of heating the ther- 
moplastic material to an appropriate temperature for 
thermoforming. A typical heater is a quartz-type radiant 
heater. 

[0037] A preferred sheet of material is a thermoplastic 
aromatic polyurethane elastomer based on a poly (bu- 
tanediol adipate), preferably DOW 2355-85ATP, having 
a thickness of approximately 0.038" to 0.040". For such 
a material, an appropriate temperature to which the ma- 
terial should be heated is between 292° F and 300° F, 
preferably approximately 300° F. The temperature to 
which sheet material 28 is heated will depend upon the 
specific material used. The material should be heated 
to a degree that exceeds its softening temperature, but 
is below its melting point; i.e., its glass transition tem- 
perature. After the preferred sheet material 28 is heated 
to approximately 300° F, shuttle frame 75 carries the 
heated sheet of material out of heater section 72 to the 
thermoforming section 74. 

[0038] Shuttle frame 75 positions the sheet of material 
at a fixed horizontal plane in the area between the lower 
mold assembly 76 and upper pressure box 78. (In Fig. 
5B, shuttle frame 75 has been omitted.) Once the sheet 
of material is properly positioned, lower mold assembly 
76 is raised up to the sheet material, and the upper pres- 
sure box 78 is lowered. 

[0039] Figs. 4A and 4B are exploded perspective 
views of operative portions of lower mold assembly 76 
and upper pressure box 78; and Fig. 5B is a vertical 
cross-section of lower mold assembly 76 and upper 
pressure box 78 . A sheet of material 28 ., after it has been 
thermoformed, is shown suspended between lower 
mold assembly 76 and upper pressure box 73, with shut- 
tle frame 75 removed for purposes of simplifying the il- 
lustration. As seen in these figures, lower mold assem- 
bly 76 includes a base plate 80 attached to a support 
member 81 , which in turn is movably carried on a sup- 
port frame 83. Conduits 87 are formed in support mem- 
ber 81 to provide communication for a fluid. The fluid 
preferably heats base plate 80 to approximately 95° F in 
order to reduce internal stresses in the material being 
thermoformed. A plurality of cavities 84 are formed in 
the top surface of base plate 80 and cavity inserts 82 
are each secured in a respective cavity 84. Cavities 84 
have a perimeter and side shape into which it is desired 



to thermoform the sheet of material 28, with the floor or 
base into which it is desired to thermoform sheet 28 be- 
ing defined by the top surface of cavity inserts 82. Alter- 
natively, a properly shaped projection can be used in 

5 place of cavity 84, and shell configuration 29 can be 
formed by drawing around the projection. 
[0040] A plurality of air communication channels 86 
are formed in the bottom, reverse side of base plate 80 . 
A plurality of apertures 88 are formed through base plate 

10 80 along channels 86 to provide communication into 
cavities 84 and indentations 90 and 92 in the top surface 
of base plate 80, as seen in Figs. 5B, 6A, 6B, and 6C. 
A source of both positive and negative pressure is con- 
nected to channels 86 through an opening 89 in support 

15 member 81 . Indentations 90 and 92 function to form po- 
sitioning indentations in the thermoformed sheet, which 
serve as positioning devices during further processing. 
Indentations 90 are a pair of approximately semi-circular 
elongated channels which extends along the middle of 

20 base plate 80, and indentations 92 are a plurality of 
small circular indentations with pointed bottoms located 
about the perimeter of base plate 80. 
[0041] As seen in Figs. 5B and 6A, cavity insert 82 is 
secured within a respective cavity 84 by alignment pins 

25 94 extending through apertures in base plate 80 and into 
apertures within cavity insert 82. A threaded screw 96 
threads into a threaded bore in cavity insert 82 to hold 
cavity insert 82 in position. With cavity insert 82 secured 
in position, a thin gap 98 is located about the entire pe- 
so rimeter of gap insert 82 and a sidewall of cavity 84. Ex- 
tending gap 98 around the entire perimeter of the side- 
wall of cavity 84 assures application of a uniform vacu- 
um around the entire bottom of the mold cavities. 
[0042] A bottom plate 1 00 of upper pressure box 78 

35 is illustrated in Figs. 4 and 6, with other portions of upper 
pressure box 78 illustrated in Fig. 5B. Upper pressure 
box 78 also includes a support member 101 which is 
movably carried by another portion of support frame 83 . 
Bottom plate 100 is movably supported within a cavity 

40 103 in support member 101 by screw fasteners 105. 
Springs 107, received around fastening screws 105, 
provide a downward bias on bottom plate 1 00. A sealing 
member 109, such as a rubber seal, is carried in a 
groove around the perimeter of support member 1 00. A 

45 plurality of plugs 102 are secured to the lower surface 
of bottom plate 1 00 by an adhesive. Plugs 1 02 are pref- 
erably formed of a syntactic foam material which does 
not draw away heat. Crossing channels 1 04 are formed 
in the top surface of plugs 1 02, and are in communica- 

50 tion with apertures 106 formed through bottom plate 
1 00. Apertures 1 06 are placed in communication with a 
positive pressure source through cavity 103 and an 
opening 111 formed in support member 101. 
[0043] Because sheet material 28 has been heated to 

55 its thermoforming temperature and is supported only 
along its perimeter edge, sheet 28 sags or bows down- 
ward as it is positioned above lower mold assembly 76. 
In orderto prevent sheet 28 from prematurely contacting 
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cavity insert 82 in the bottom of cavity 84, positive pres- 
sure, for example at approximately 5 psi, is applied 
tfirough cliannels 86 and into cavities 84 tfirough gap 
98. Simultaneously with the rising of lower mold assem- 
bly 76, upper pressure box 78 is lowered toward lower 
mold assembly 76 until sealing member 109 contacts a 
top surface of base plate 80 and forms a seal between 
base plate 80 and support member 1 01 . As upper pres- 
sure box 78 is lowered, plugs 1 02 push into cavities 84 
and preform sheet 28 into an approximate shape of the 
floor and walls of cavity 84. 

[0044] A raised coining surface 1 08 is formed around 
the outer perimeter of cavity 84 atthe top surface of base 
plate 80. Bottom plate 100 is suspended by screw fas- 
tener 1 05 within upper pressure box 78 so that as it is 
lowered toward upper pressure box 78 and comes into 
contact with coining surface 108, springs 107 apply 
downward pressure in the range of approximately 85 to 
90 psi to sheet 28 secured between bottom plate 100 
and coining surface 1 08. By pressing sheet material 28 
against coining surface 108, its thickness is reduced 
slightly and is held uniform during the thermoforming 
process of sheet 28 within cavity 84. it is important to 
hold sheet material 28 in a uniform thickness about the 
perimeter edge of the cavity to aid in the reliability and 
repeatability of the seam welding process. The coined 
area of sheet 28 has its thickness reduced, for example, 
from approximately 0.038" to approximately 0.031 ". The 
objective is to have a uniform thickness in this area 
which is approximately the same as the thickness of the 
sheet of material 26 forming the covering sheet which 
is to be welded to the coined area of sheet 28. 
[0045] With the plug 1 02 prestretching sheet material 
28, and bottom plate 100 pressing the perimeter edge 
of sheet material 28 against coining surface 108, the 
slight pressure being applied through gap 98 is turned 
to a vacuum draw of approximately 27 inches of mercury 
to pull sheet material 28 against the walls of cavity 84. 
Simultaneously, pressure of approximately 15 psi is ap- 
plied into cavity 84 on the opposite side of sheet 28 
through apertures 106 and channels 104 in plugs 102. 
The combination of the vacuum through gap 98 and the 
positive pressure on the opposite side of sheet 28 as- 
sures that sheet 28 accurately forms to the shape of the 
wails of cavity 84. This vacuum and pressure are applied 
for approximately 28 seconds for the type of preferred 
sheet 28 described above. It is important to hold the vac- 
uum and pressure for a sufficient time to ensure that 
sheet 28 reaches its demoiding temperature; i.e., the 
temperature at which it will hold the shape to which it 
has been molded. 

[0046] The surface of cavity 84 has an edge radius or 
curvature 110 to minimize thinning of the shell while it is 
being drawn into cavity 84 during the thermoforming 
process. The surface of cavity 84 also has a draft angle 
section 112 extending toward the bottom of cavity 84 
from edge radius 110. Draft angle section 1 1 2 thereafter 
connects to a bevel section 114 which is formed at a 



steeper angle than sidewall draft angle section 112, and 
connects sidewall draft 112 to the floor or base 116 of 

the forming portion of cavity 84, which is defined by the 
top surface of cavity insert 82. As discussed above, the 
5 material of sheet 28 is preferably a see-through materi- 
al. To further enhance visibility through sidewall 32, draft 
angle section 118 and bevel section 1 20 are highly pol- 
ished. 

[0047] Lower mold assembly 76 and upper pressure 

10 box 78 are moved away from one another, and sheet 28 
is removed from lower mold assembly 76 and allowed 
to cool and shrink. Fig. 6D illustrates the edge of shell 
29 defined by sheet 28 after it is thermoformed and has 
an opportunity to cool and shrink. As seen therein, the 

15 shell shape 29 includes floor 30 and sidewall 32. Side- 
wall 32 includes draft angle section 1 1 8 and a bevel sec- 
tion 1 20. As illustrated diagrammatically in Fig. 6D, draft 
angle section 11 8 is angled slightly inward from the line 
122, which represents the draft angle section 112 of 

20 mold baseplate 80. This slight inward bending is caused 
by the shrinkage of sheet 28 during cooling. If the inward 
bending exceeds the vertical orientation, it can be re- 
ferred to as an undercut. The angle of draft angle section 
112 is set sufficiently large so that draft angle section 

25 1 1 8 of sheet 28 does not bend too severely inward. Such 
severe inward bending could preclude the proper posi- 
tioning of the seal die, as will be discussed later. 
[0048] Figs. 7, 8, 8A, 8B, and 8C diagrammatically il- 
lustrate the apparatus and process for bonding outer 

30 fabric layers 34 and 36 to the inner surfaces of first and 
second sheets 26, 28. The bonding is accomplished by 
heating the fabric layers 34, 36 and the attached cou- 
pling materials 40, 42 with RF energy supplied by an RF 
generator/press 141. The general common features of 

35 heating the fabric layers and coupling materials to ac- 
complish bonding are described in detail in the Rudy 
'361 patent. Generally, as discussed in the '361 patent, 
the fabric layers and coupling agent are heated for a 
controlled time and at a controlled heat input to cause 

40 the coupling layer and plastic sheets to melt, and form 
a bond when cooled. However, the melting is controlled 
so that the coupling layer does not penetrate through to 
the inside surface of the outerfabric layers, which would 
interfere with the free movement of the connecting yarns 

45 38. The following description relates to the novel fea- 
tures of the method of the present invention. 
[0049] As seen in Fig. 8, RF generator/press 141 is 
located at a lamination station 131 of a turntable trans- 
port device 1 33 . An assembly station 1 35 is also located 

50 along the perimeter of turntable transport device 133. 
Preferably two lamination stations 1 31 and two assem- 
bly stations 135 are located around turntable transport 
device 133. The RF generator/press 141 includes an RF 
energy generator 130, which is coupled to upper and 

55 lower portions of a press; base 132, which is supported 
on turntable transport device 1 33 forms part of the lower 
press portion; and a lamination die 134 extending from 
a moveable die plate 136, and a clamping member 138 
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form parts of the upper portion of the press. Lamination 
die 1 34 follows the perimeter of shell 29 formed in sheet 
28. Four of the bases 1 32 are supported at equi-distant 
positions around the perimeter of turntable transport de- 
vice 133. Bases 132 preferably include conduits for cir- 
culating a liquid at a temperature above 120°F. 
[0050] Fig. 7 illustrates the manner in which an as- 
sembiy of first sheet 26, inner double-wailed fabric 
member 24, and thermoformed second sheet 28, are 
put together for the lamination process. An elongated 
projection 147 extends up from base 132 along its cent- 
er, A sheet of piastic material 26 with a hoie that mates 
with elongated projection 147 is placed on top of base 
1 32. As discussed above, sheet material 26 is selected 
to be of the same material as sheet 28. The thickness 
of sheet material 26 is selected to be the same as the 
thickness of the uniform coined region around the pe- 
rimeter of the shell 29 formed in sheet 28. Matching 
thickness in this area assures proper heating during the 
perimeter sealing process. A pair of double-walled fabric 
inner members 24 is placed on top of sheet 26 and are 
properly positioned by a two-part center-adjustable tem- 
plate 1 49. Finally, sheet 28 with the pair of shells 29 ther- 
moformed into it, is placed on base 132, with indentation 
90 mating with elongated projection 147. In this manner, 
inner members 24 are properly aligned within sidewalls 
32. Turntable transport device 1 33 then rotates to move 
the assembly of base 1 32, first sheet 26, inner member 
24, two-part template 1 49, and second sheet 28 to lam- 
ination station 131 . 

[0051] At lamination station 131, lamination die 134, 
together with moveable die plate 136 and clamping 
member 138, are lowered toward base 132 and com- 
press the assembly of sheets 26, 28 and double-walled 
fabric inner member 24, as shown in Fig. 8B. A stop (not 
shown) stops the movement of lamination die 134 at a 
predetermined point so that a predetermined spacing 
between the major surfaces of sheets 26 and 28 is at- 
tained and a set amount of compression of inner mem- 
ber 24 occurs. The stop is set so that the fabric layers 
34 and 36 almost touch. This compression causes the 
outer sheets 26 and 28 to press against base 132 and 
lamination die 134. A strip 142 of a thermally insulating 
material such as teflon impregnated fiberglass is placed 
around the perimeter of lamination die 134 and is con- 
figured to extend over the perimeter of double-walled 
fabric inner member 24. Since the perimeter area of in- 
ner member 24 is the most difficult area to laminate, strip 
1 42 is used to hold the thermal energy along the perim- 
eter of inner member 24, by preventing lamination die 
134 from functioning as a heat sink in that area. 
[0052] As inner member 24 is compressed, clamping 
member 1 38, which is preferably formed of a closed cell 
neoprene material comes into contact with the rim of 
sheet 28 which extends outside of the sidewall 32. 
Clamping member 1 38 ensures that the rim surrounding 
the sidewall remains in position with respect to sheet 26 
so that as inner member 24 is compressed, sidewall 32 



rolls in on itself, as illustrated in Fig. 88. Clamping mem- 
ber 138 can be formed of separate segments located 
around the perimeter of shell 29, or can be fonned as a 
continuous strip around the perimeter of shell 29. If this 
5 rolling in action does not occur and sidewall 32 is merely 
allowed to fold downward or slide outward, sidewall 32 
may weld to sheet 26 or to itself, thereby forming an im- 
properly configured part. 

[0053] Additional design and process factors must be 

10 taken into consideration to ensure thatthe proper rolling 
in action of sidewall 32 occurs. For example, during the 
thermoforming of sheet 28, the draft angle section 118, 
which is formed in sidewall 32, must be sufficiently shal- 
low (not too great an angle) so that during compression 

15 the rolling in action occurs, rather than simply flattening 
or compressing the sidewall down toward sheet 26. It 
has been found that a draft angle between approximate- 
ly 5° and 1 0° works for a formed part depth (the distance 
from the inner surface of floor 30 to coined area around 

20 the rim of shell 29) up to 3/8 of an inch. As mentioned 
above, the draft angle also should be large enough to 
ensure that after the sidewall bends inward because of 
shrinkage, the sidewall 32 does not bend in so far that, 
during the hereinafter discussed sealing step, the seal- 

25 ing die cannot be properly located. Again, the 5° to 1 0° 
angle has been found to be appropriate. 
[0054] Another factor to ensure the proper rolling in 
action is the location of the perimeter edge of the lami- 
nation die 134. A balance must be struck between ex- 

30 tending the lamination die 1 34 outward of the perimeter 
edge of inner member 24 a sufficient amount to ensure 
complete bonding along the perimeter edge of inner 
member 24, while at the same time locating the inner 
edge of lamination die 134 sufficiently inward of the out- 

35 er edge of sidewall 32 to prevent the lamination die 1 34 
from buckling sidewall 32 against itself or against sheet 
26. 

[0055] With shell 29 and inner member 24 in the com- 
pressed state illustrated in Fig. 8B, radio frequency en- 

40 ergy is applied by the RF generator 1 30. For the typical 
sheets 26 and 28 and inner member 24, referred to 
above, RF energy is applied for approximately three 
seconds with sufficient power to form the required bond. 
As with base 132, liquid at a temperature of approxi- 

45 mately 120°F is circulated through lamination die 134. 
The liquid circulation is used to maintain a relatively con- 
stant surface temperature on base 132 and lamination 
die 134 during the lamination of successive parts. By 
elevating the temperature of the base and die to 1 20° F 

50 prior to applying RF energy, the time the energy needs 
to be supplied is shortened. After the RF energy is shut 
off, the liquid functions to cool the base, die, and lami- 
nated part. The liquid also prevents the base and die 
from heating up significantly above the 1 20° F point after 

55 successive lamination cycles. 

[0056] After the RF energy is turned off, lamination die 
1 34 remains pressed against base 1 32 for approximate- 
ly an additional three and a half seconds to allow the 
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part to cool. Lamination die 134 is then moved upward 
to the position shown in Fig. BC, and the bands of con- 
necting yarns 38 expand back to approximately their 
original position by the unrolling action of sheet 28. A 
slight indentation is formed around the perimeter of 
sheet 26 in the area of insulating strip 142 shown in Fig. 
8C. 

[0057] Sheet 28 is now bonded to fabric layer 36 and 
sheet 26 is bonded to fabric layer 34. Turntable transport 
device 133 rotates to carry the bonded parts to an as- 
sembly station 135. The bonded parts are removed from 
base 1 32 and taken to a welding apparatus 1 50 for seal- 
ing. 

[0058] Fig. 9 illustrates a welding die 154; and Figs. 
9A and 9B schematically illustrate the welding appara- 
tus 150 and method in accordance with the present in- 
vention wherein a perimeter tear-type seal is formed 
around the perimeter of bladder 20. Welding apparatus 
150 includes a top platen 152 and the welding or sealing 
die 154. Conventional RFwelding components are used 
to move sealing die 154 and to apply RF energy. How- 
ever, the configuration of the sealing die 154, the 
stepped manner in which RF energy and pressure are 
applied, and the bladder with a tear seal formed inter- 
mediate the sealing bead are all aspects of the present 
invention. 

[0059] Sealing die 154 has an angled sealing edge or 
tip 156 extending around its perimeter. The angled edge 
156 slopes downwardly at an angle between approxi- 
mately 20° to 25°, preferably approximately 23° away 
from the plane parallel to the rim of sheet 28 and the 
plane of sheet 26. The angled edge 1 56 allows for melt- 
ing or beading of the thermoplastic sheet material on 
either side of the edge 156, as illustrated in Fig. 9B. 
Sealing die 154 also includes a flat sealing edge 157, 
which is located at a level below that of the tip of angled 
edge 156. Sealing die 154 forms the lower die surface, 
and the laminate assembly of sheets 26 and 28 and in- 
ner member 24 is placed inside the perimeter defined 
by angled edge 156. Preferably a pair of sealing dies 
154 are used in a side-by-side relationship to accom- 
modate a pair of parts formed in the lamination process. 
Pointed indentations 92 are used to position sheets 26, 
28 with respect to dies 1 54 by placement over appropri- 
ately located projections. The depth of the cavity bor- 
dered by angled edge 1 56 is such that sheet 28 remains 
out of contact with the bottom of the cavity when the as- 
sembly is suspended on angled edge 156. 
[0060] The seal is formed around the perimeter of 
bladder 20 by moving welding die 154 upward against 
top platen 152 and pressing beveled edge 156 into lay- 
ers 28 and 26, while applying RF energy. A buffer ma- 
terial 160 is placed between the bottom surface of top 
platen 152 and angled edge 156. Buffer material 160 is 
preferably a NEMA standard G7 dielectric material, 
such as a silicone fiber based material. Buffer material 
160 serves as a thermal and pressure buffer against 
which angled edge 156 presses. As seen in Fig. 9, seal- 



ing die 154 also includes a flat sealing section 157, 
which is at a level belowthat of beveled edge 156. Seal- 
ing section 1 57 forms a seal in bladder 20 within the tear 
seal line formed by edge 156. 
5 [0061] While welding die 1 54 presses against sheets 
28 and 26, RF energy is simultaneously applied. Both 
the pressure and RF energy of welding die 1 54 are ap- 
plied in a stepped manner. For example, when sheets 
28 and 26 are made of a polyurethane material as de- 
scribed above, with a total thickness of approximately 
0.060", and the RF area of the dies is in the range of 
one to five square inches for a pair of bladders 20 that 
are being sealed simultaneously, the pressure and en- 
ergy are applied in the following manner: the pressure 
steps from 3 bars to 6 bars to 8 bars to 1 0 bars, at ap- 
proximately two-second intervals; and RF energy is in- 
creased by stepping the RF generator plate current of 
the from an initial setting of 0.5 amp to 1.1 amp after 
three seconds of operation, and keeping the plate cur- 
rent at the 1.1 amp setting for approximately six sec- 
onds. Typically, the DC voltage is in the range of one- 
to twenty-thousand volts. 

[0062] The amount of pressure that is applied by the 
angled edge 156 is limited to a compression into the 
sheets 28 and 26 of a predetermined amount. This is 
accomplished by utilizing a stop which prevents angled 
edge 156 from penetrating completely through sheets 
28 and 26. For example, if the combined thickness of 
the sheets Is approximately 0.060", the stop would pre- 
vent angled tip 156 from penetrating deeper than ap- 
proximately 0.0575". Utilizing this sealing technique, in 
addition to a bead forming on either side of angled edge 
156, a line of thinned out material is fonned in the area 
of contact with the angled edge 156. It is preferred that 
the thinned out area have a thickness approximately 
0.0025" or less. In this manner, bladder 20 remains con- 
nected to the remainder of sheets 28 and 26, yet can be 
easily manually torn out along the thinned out area, 
which functions as a tear seal. Flat sealing edge 157 
forms a solid bead seal without a thinned out area. The 
sealed area formed by sealing edge 157 is used as an 
inflation area for bladder 20. 

[0063] After the formation of the tear seal, bladders 
20 are carried in sheets 26 and 28, moved away from 
welding apparatus 150, and removed from welding die 
154. The individual bladders 20 are removed from the 
remainder of sheets 26 and 28 and thereafter inflated in 
a conventional manner, as described in the '345 patent. 
That is, a hollow needle is used to puncture bladder 20, 
in the sealed area formed by flat sealing edge 1 57, and 
pressurized air at approximately 60 to 80 psi is supplied 
through the needle to pre-inflate the bladder. The pres- 
surized air is expired from the bladder and the intended 
permanent inflation gas is inserted at the desired pres- 
sure, for example from 5 to 30 psi, typically 20 psi. The 
needle is then withdrawn and the puncture hole is 
sealed. The sealed inflation area can be trimmed off af- 
ter an additional seal is fonned at the trimmed area. The 
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pressurized and sealed bladders 20 can now be incor- 
porated into soles of footwear in a conventional manner. 
[0064] Nunnerous characteristics and advantages of 
the invention have been described in detail in the fore- 
going description with reference to the accompanying 
drawings. However, the disclosure is illustrative only 
and the invention is not limited to the precise illustrated 
embodiment. Various changes and modifications may 
be effected therein by persons skilled in the art without 
departing from the scope or spirit of the invention as de- 
fined by the appended claims. 



Claims 

1. A method for forming a resilient bladder structure 
(20), which includes a shell and a covering sheet, 
CHARACTERIZED BY the steps of: 

thermoforming a shell (29) from a sheet of plas- 
tic material (28) by drawing the sheet to a mold 
configuration (84) to form a shape having a floor 
(30), a perimeter sidewall (32) with a draft angle 
portion (1 1 8) to locate an outer perimeter edge 
of the sidewall outward of the floor of the shell, 
and a rim having a flat region extending from 
the outer perimeter edge of the sidewall; 
placing a core (24), having spaced apart outer 
fabric layers (34, 36) connected together by 
plurality of connecting yams (38), into the shell 
(29) within the area bounded by the sidewalls 
(32); 

enclosing the shell (29) and core (24) with a 
covering sheet of a plastic material (26), the 
covering sheet being sized to extend to at least 
the flat region and cover the perimeter sidewall 
and the core placed in the shell; 
bonding the floor (30) of the shell (29) to one 
fabric layer (36) of the core and the covering 
sheet (26) to the other fabric layer (34) by: 

i) applying RF energy with a lamination die 
(134) to the shell-core-covering sheet as- 
sembly; 

II) compressing the core (24) with the lam- 
ination die to apply pressure between the 
shell-core interface and the covering 
sheet-core interface; and 
iii) rolling the sidewall (32) of the shell (29) 
in on itself during the compression of the 
core with the lamination die to prevent 
bonding of the sidewall to the covering 
sheet during the bonding step; 

welding the covering sheet (26) to the outer 
edge of the sidewall (32) by applying RF energy 
with a seal die (154); and 
placing the fluid into the interior of the bladder 



sothatthe plurality of connecting members (38) 
are placed under tension. 

2. The method of claim 1 wherein said bonding step 
5 includes heating and applying pressure to the pe- 
rimeter edge of the shell-core-covering sheet as- 
sembly (29, 24, 26) outwardly of the perimeter of 
the core to ensure application of sufficient energy 
along the perimeter of the core to form essentially 

10 complete bonds between the shell (29) and the core 
(24) and the covering sheet (26) and the core along 
the perimeter of the core by extending the perimeter 
edge of the lamination die outward of the perimeter 
of the core. 

15 

3. The method of claim 2 including preventing the lam- 
ination die (1 34) from drawing thermal energy away 
from the perimeter of the core by placing an insu- 
lating material (142) on the perimeter area of the 

20 lamination die which faces the core. 

4. The method of claim 2 or claim 3 wherein the step 
of rolling the sidewall (32) of the shell (29) includes 
applying pressure with the perimeter edge of the 

25 lamination die (134) sufficiently inward of the outer 
perimeter edge of the sidewall to prevent the lami- 
nation die from buckling the sidewall during the 
compression of the core. 

30 5. The method of any of claims 1 to 4 wherein the ther- 
moforming step includes forming the draft angle 
sufficiently shallow to prevent the sidewall (32) from 
flattening during compression of the core (24) to 
thereby assure rolling in of the sidewall. 

35 

6. The method of any of claims 1 to 5 including the 
step of cooling the shell (29) after thermoforming in 
a manner sufficient to shrink the shell and bend the 
perimeter sidewall (32) inwardly during the shrink- 

40 age. 

7. The method of claim 6 wherein the thermoforming 
step includes fonning the draft angle sufficiently 

steep to limit the amount of inward bending of the 
45 perimeter sidewall (32) caused by the shrinkage of 
the shell (29). 

8. The method of claim 6 or claim 7 wherein the ther- 
moforming step includes forming the draft angle 

50 sufficiently steep to position the outer perimeter 
edge of the shell (29) at an aligned location with the 
seal die (154) after the sidewall of the shell bends 
inwardly due to shrinkage of the shell after thermo- 
forming. 

55 

9. The method of any of claims 1 to 8 wherein said 
thermoforming step includes coining the flat region 
by pressing the flat region between a projection 
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(108) on one side of a thermoforming mold and a 
flat opposite portion (100) of the tliermofonning 
mold to holdtheflat region at a substantially uniform 
thickness during the draw of the thermoforming 
step. 5 

1 0. The method of claim 9 including selecting the thick- 
ness of the covering sheet to be approximately the 
same as the uniform thickness of the coined flat re- 
gion. 10 

11. The method of any of claims 1 to 1 0 wherein said 
welding step includes forming both a connected ar- 
ea between the covering sheet (26) and the outer 
edge of the sidewall (32) of the shell (29) and a tear is 
line along the connected area by applying pressure 

at periodically increasing pressure levels to the cov- 
ering sheet with an angled edge (156) of the seal 
die (154), and applying RF energy at periodically 
increasing power levels to melt and con nect the ma- 20 
terial of the covering sheet (26) and shell (29) adja- 
cent to, and on either side of, the angled edge of 
the seal die, and to form the tear line as a line of 
thinned out material pressed into the material by the 
angled edge of the seal die. 25 

12. The method of any of claims 1 to 11 including con- 
trolling the amount of compression of the core (24) 
by stopping the movement of the lamination die 
compressing the core at a predetermined point. 30 

13. The method of any of claims 1 to 12 wherein said 
thermoforming step includes fomiing a floor bevel 
portion (120) in the perimeter sidewall (32) between 

the floor (30) and the draft angle portion (118) to 35 
reduce thinning of the plastic sheet in the area of 
the floor bevel portion during draw. 

14. The method of any of claims 1 to 13 wherein the 
step of rolling the sidewall (32) of the shell (29) in- 40 
eludes applying pressure to at least portions of the 
perimeter area of the covering sheet (26) overlying 
the flat region of the rim of the shell. 

15. The method of any of claims 1 to 14 wherein the 45 
step of placing fluid into the interior of the bladder 
includes pressurizing the interior of the bladder with 

a gas. 

16. A method for forming a resilient bladder structure so 
(20), which includes a shell and a covering sheet, 
CHARACTERIZED BY the steps of: 



placing a core (24), having spaced apart outer 
surfaces (34, 36) connected together by a plu- 
rality of connecting members (38), into the shell 
(29) within the area bounded by the sidewalls 
(32); 

enclosing the shell (29) and core (24) with a 
covering sheet (26) sized to extend to at least 
the perimeter sidewall (32) of the shell (29) and 
cover the perimeter sidewall and the core 
placed in the shell; 

bonding the floor (30) ofthe shell (29) to one 
outer surface (36) of the core (24) and the cov- 
ering sheet (26) to the other outer surface (34) 
of the core (24) by applying pressure and heat 
to the shell-core-covering sheet assembly to 
compress the core during the bonding step; 
preventing bonding of the sidewall (32) to the 
covering sheet (26) during the compression of 
the core; 

bonding the covering sheet (26) to an outer 
edge of the perimeter edge of the shell (29) by 
applying pressure and heat to the covering 
sheet and a rim extending outward of the pe- 
ri meter wall of the shell to connect the covering 
sheet to the rim of the shell to form a sealed 
bladder structure (20); and 
placing fluid into the interior of the bladder so 
that the plurality of connecting members (38) 
are placed under tension. 

17. The method of claim 1 6 wherein the bonding of the 
two outer surfaces (34, 36) of the core (24) to the 
shell (29) and covering sheet (26) occurs prior to 
and separate from the bonding of the covering 
sheet to the perimeter edge of the shell. 

1 8. The method of claim 1 7 wherein the shell is formed 
by thermoforming a sheet of plastic material (28) in- 
to the shape of the shell (29) and cooling the ther- 
moformed shell in a manner sufficient to shrink the 
shell and bend the perimeter sidewall (32) inwardly 
during the shrinkage. 

19. The method of claim 17 or claim 18 wherein the step 
of preventing bonding of thesidewall (32) tothecov- 
ering sheet (26) includes rolling the sidewall in on 
itself during the compression of the core (24). 

20. The method of claim 1 9 wherein the step of bonding 
the outer surfaces (34, 36) of the core (24) to the 
shell (29) and covering sheet (26) includes heating 
and applying pressure to the perimeter edge of the 
shell-core-covering sheet assembly outwardly of 
the perimeter of the core to ensure application of 
sufficient energy along the perimeter of the core to 
form essentially complete bonds between the shell 
(29) and the core (24) and the covering sheet (26) 
and the core along the perimeter of the core, and 



forming a shell (29) from a flexible material (28) 
to have a floor (30) and a perimeter sidewall 55 
(32) and a perimeter edge along the distal end 
of the perimeter sidewall extending from the 
floor to define an opening to the shell; 
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the step of rolling the sidewall (32) of the shell (29) 
includes applying pressure sufficiently inward of the 
outer perimeter edge of the sidewall to prevent 
buckling the sidewall during the compression of the 
core (24). 

21 . The method of claim 20 wherein the thermoforming 
step includes forming a draft angle between the pe- 
rimeter sidewall (32) and the floor (30) that is suffi- 
ciently shallow to prevent the sidewall from flatten- 
ing during compression of the core (24) to thereby 
ensure rolling in of the sidewall, while also forming 
the draft angle sufficiently steep to position the outer 
perimeter edge of the shell (29) at an aligned loca- 
tion with a sealing tool (156) after the sidewall of the 
shell bends inwardly due to shrinkage of the shell 
after thermoforming. 

22. The method of any of claims 16 to 21 wherein the 
step of placing a fluid into the interior of the bladder 
includes pressurizing the interior of the bladder with 

a gas, 

23. A bladder (20) for use as a cushioning element com- 
prising: 

an outer enclosing member (22) and an inner 
member (24), said outer enclosing member be- 
ing formed of first and second sheets of plastic 
material, said inner member (24) being formed 
of spaced apart first and second fabric layers 
(34, 36) connected together by a plurality of 
connecting yarns, 

CHARACTERIZED BY said first sheet of plastic 

material (28) being formed into a shell shape (29) 
with a substantially flat floor (30) and a perimeter 
sidewall (32) extending away from said floor to an 
outer perimeter edge, said second sheet of plastic 
material (26) being formed substantially flat and 
having a major surface with an outer perimeter bor- 
der, and said outer perimeter border of said major 
surface of said second sheet of plastic material (26) 
being connected to the outer perimeter edge of said 
perimeter sidewall (32) of said first sheet of plastic 
material (28) to define a sealed chamber, said first 
sheet (28) being formed of see-through plastic ma- 
terial whereby said connecting yarns (38) are visible 
through said sidewall (32). 

24. The bladder (20) of claim 23 wherein the plurality of 
connecting yarns (38) are arranged in bands (44) 
with gaps (46) devoid of connecting yarns between 

adjacent bands, and ends of the bands and the 
gaps being visible through said sidewall (32). 

25. The bladder (20) of claim 24 wherein said fabric (24) 
is a double needle bar Raschel knit fabric with said 



gaps (46) formed by omitting predetermined nee- 
dles in the knitting process. 

26. The bladder (20) of any of claims 23 to 25 wherein 
5 the respective outer surfaces of said first and sec- 
ond fabric layers (34, 36) of said inner member (24) 
are attached to respective inner surfaces of said 
first and second sheets of plastic material (26, 28), 
and said sealed chamber containing a pressurized 

10 fluid to place said plurality of connecting yarns (38) 
under tension. 

27. The bladder (20) of any of claims 23 to 26 wherein 
the bladder is shaped to form a portion of a sole (1 2) 

15 of footwear (1 0) and at least a portion of said side- 
wall (32) is configured to be located along a portion 
of a visible area of the sole (12). 

28. The bladder (20) of any of claims 23 to 27 wherein 
20 said first plastic sheet (28) is formed into the shape 

of a shell (29) with a floor (30) and a sidewall (32) 
extending away from said shell to a perimeter edge, 
and said second plastic sheet (26) is formed sub- 
stantially flat and is sealed to perimeter edge of said 
25 first plastic sheet. 

29. An article of footwear (10) comprising: 

an upper (1 4) for receiving the foot of a wearer; 
30 and 

a sole (12) attached to said upper, at least a 
portion of said sole including a cushioning blad- 
der (20) comprising 

35 an outer enclosing member (22) and an in- 

ner member (24), said outer enclosing 
member being formed of first and second 
sheets of plastic material (28, 26), said in- 
ner member (24) being formed of spaced 
40 apart first and second layers (34, 36) con- 

nected together by a plurality of connecting 
members (38), CHARACTERIZED BY 
said first sheet of plastic material (28) being 
formed into a shell shape (29) with a sub- 
45 stantially flat floor (30) and a perimeter 

sidewall (32) extending away from said 
floor to an outer perimeter edge, said sec- 
ond sheet of plastic material (26) being 
formed substantially flat and having a ma- 
50 jor surface with an outer perimeter border, 

and said outer perimeter border of said ma- 
jor surface of said second sheet of plastic 
material (26) being connected to the outer 
perimeter edge of said perimeter sidewall 
55 (32) of said first sheet of plastic material 

(28) to define a sealed chamber, said first 
sheet (28) being formed of see-through 
plastic material, said cushioning bladder 
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(20) being positioned within said sole (12) 
so that at least a portion of said perimeter 
sidewall (32) is visible, whereby said con- 
necting nriembers (38) are visible through 
said sidewall (32). 5 

30. The article of footwear (1 0) of claim 29 wherein first 
and second layers (34, 36) are formed of fabric and 
said connecting members (38) are yarns. 

10 

31. The article of footwear (1 0) of claim 29 or claim 30 
wherein said inner member (24) is a double walled 
fabric material with spaced apart first and second 
outer fabric layers (34, 36) and a plurality of con- 
necting yarns (38) are connected between the first is 
and second outer fabric layers. 

32. The article of footwear (1 0) of claim 31 wherein the 
plurality of connecting yarns (38) are arranged in 
bands (44) with gaps (46) devoid of connecting 20 
yarns between adjacent bands, ends of the bands 
and the gaps being visible through said sidewall 
(32). 

33. The article of footwear (10) of claim 32 wherein said 25 

fabric (24) is a double needle bar Raschel l<n it fabric 
with said gaps (46) formed by omitting predeter- 
mined needles in the l<nitting process. 

34. The article of footwear (10) of any of claims 29 to 30 

33 wherein the respective outer surfaces of said first 
and second layers (34, 36) of said inner member 
(24) are attached to respective inner surfaces of 
said first and second sheets of plastic material (28, 
26), and said sealed chamber containing a pressu- 35 
rized fluid to place said plurality of connecting mem- 
bers under tension. 

35. The article of footwear (10) of any of claims 29 to 

34 wherein said first plastic sheet (28) is formed into 40 
the shape of a shell (29) with afloor (30) and a side- 
wall (32) extending away from said shell to a perim- 
eter edge, and said second plastic sheet (26) is 
formed substantially flat and is sealed to perimeter 
edge of said first plastic sheet. 45 

36. The article of footwear (10) of claim 35 wherein at 
least a portion of said sidewall (32) is formed of see- 
th rough material and is configured to be located 
along a visible area of the sole (12). so 
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